
Part 2

S-Plus ShortCourse
– Part 2 –

Thesenotesaremostlybasedon

� TheS-PLUS manuals— availableonlineat

MathSoft’swebpage,www.mathsoft.com , for

downloads(asPDF-files).Also availableon theStat

DeptComputerSystem(at /opt/local/splus5.1 /do c ,

seethefilesunixug.pdf , statman1.pdf and

statman2.pdf ).

� VenablesandRipley’sbookon S-PLUS: Modern

AppliedStatisticswith S-plus, Springer-Verlag.See

www.stats.ox.ac.uk/pub/ MASS3.
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Part 2

The Schedule

Thissecondpartof this S-PLUS ShortCoursewill go

through:

Graphics and EDA ExploratoryDataAnalysisthrough

graphicsin S-PLUS. Two datasetswill beused;the

toxicity datacreatedin part1 plusthedataset

fuel.frame , alreadyin S-PLUS.

Classical Univariate Tests
�
-test,� � -testandother

classicalunivariatetests.

Statistical Models Usethetoxicity datato fit models

alreadydiscussedin class,print andplot theresults,

anddobasicdiagnostics.

All commandsusedin thispartarein thetext file available

on thecoursewebpage:

www.stat.ohio-stat e.e du/ � ss es /St at6 93C-Sp 2000
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Part 2

The Datasets

Wewill usemorethanonedatasetto explorethegraphical

andmodel-fittingcapabilitiesof S-PLUS.

The tox data

Recallthetox datacreatedin part1:

> tox

d n r p

1 0.10 47 8 17.02128

2 0.15 53 14 26.41509

3 0.20 55 24 43.63636

4 0.30 52 32 61.53846

5 0.50 46 38 82.60870

6 0.70 54 50 92.59259

7 0.95 52 50 96.15385

Thisdata.frame wascreatedby read.table — if for
somereasonit can’t befound,enter:

> tox <- read.table("/home/ga rda r/p ub/ tox ici ty. dat",

+ header=T)

> names(tox) <- c(’d’,’n’,’r’) ## change names

> tox$p <- tox$r/tox$n * 100 ## percentage killed
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The fuel.frame data

Thisdata.frame comeswith S-PLUS (andis usedin
theirmanuals).Thedatacontain5 variablesthatmeasure
characteristicsof 60automobiles:

> dim(fuel.frame)

[1] 60 5

> summary(fuel.frame)

Weight Disp. Mileage

Min.:1845 Min.: 73.0 Min.:18.00

1st Qu.:2571 1st Qu.:113.8 1st Qu.:21.00

Median:2885 Median:144.5 Median:23.00

Mean:2901 Mean:152.1 Mean:24.58

3rd Qu.:3231 3rd Qu.:180.0 3rd Qu.:27.00

Max.:3855 Max.:305.0 Max.:37.00

Fuel Type

Min.:2.703 Compact:15

1st Qu.:3.704 Large: 3

Median:4.348 Medium:13

Mean:4.210 Small:13

3rd Qu.:4.762 Sporty: 9

Max.:5.556 Van: 7

>

whereDisp. is thedisplacementof theengine.
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On attaching data.frames

Everythingin S-PLUS is anobject, bothwhatyoucreate
andwhatis therealready(functionsanddata).Theobjects
arestoredatdifferentlocationsandthecommandsearch
givestheway S-PLUS searchesfor objectsthatyouwant
to use.For anexample,in this S-PLUS session:

> search() ## where S-Plus looks for objects

[1] ".Data" "splus" "stat" "data"

[5] "trellis" "main"

>

Thatis, first S-PLUS searches.Data (yourworking
directorywhereyour objectsthatyoucreatearestored),
thenthesplus location,andsoon.

By default, thefunction ls lists theobjectsstoredin the
first location(position1) givenby search :

> args(ls) ## the arguments to ls(), and def.

function(pattern, pos = 1)

>

Thecommandls(pos=5) would list all objectsin
trellis ; locationnumber5 in thesearchlist.

It will oftenbeconvenientto attach data.frame s to the
searchlist sospecificcolumnscanberefereeddirectlyby
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nameinsteadof needingto specifyboththenameof the

data.frame andthecolumn(i.e., insteadof tox$r just

do r at theprompt):

> attach(tox) ## attaching the tox data.frame

> search()

[1] ".Data" "tox" "splus" "stat"

[5] "data" "trellis" "main"

> ls(pos=2)

[1] "d" "n" "p" "r"

> detach(2) ## then detach the data.frame

NULL

> search()

[1] ".Data" "splus" "stat" "data"

[5] "trellis" "main"

>

Warning: If thereis anobjectin .Data thathasthesame

nameasoneof thecolumnsin tox , thenS-PLUS will find

thatobjectfirst insteadof usingthecolumnin tox .
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Graphics

Muchof exploratorydataanalysis(EDA) involvesgraphing

(visualizing)thedata.

Therearetwo typesof graphicsavailablefor S-PLUS for

UNIX

Traditional Graphics Thesearetheoriginal toolsfor

plotting in S-PLUS.

Trellis Graphics library This is a library of functions

(usingthetraditionalplotting functions)focusingon

EDA in multivariatedata.

Wewill first learnhow to usesomeof thetraditional

plottingmethodsandthenmove to theTrellis library.
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Traditional Graphics

Plotsareplottedona graphicdevice. To starta graphic
device in UNIX, typeeithermotif() or
trellis.device() . In morerecentversionsof
S-PLUS, thegraphicdevice is openedautomatically, if not
openalready, whena plotting functionis executed.

Theplot FunctionandGraphArguments

Themostbasicplot functionis plot , whichcreatesscatter
plots.My first plot:

> attach(tox)

> plot(d,p)

>

A scatterplot of percentagekilled (p) versusconcentration
(d) is made.

Variousadditionalargumentscanbegivento theplot

function

Labels To labelaxesandgive a title (andsub-title),enter:

> plot(d,p,main="Toxi cit y Data",ylab="% killed",

+ xlab="Concentration ",s ub="(w hat ever!)")

>
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Type Theargumenttype specifieswhatto draw (points,
lines— or both).By default, type=’p’ for points,
otheroptionsinclude’l’ for lines, ’b’ for both
pointsandlinesand’n’ for nothing— seehelpfor
plot.default :

> plot(d,p,type="b")

>

Lines and Points Theargumentlty (= someinteger)
givesline type(solid,dashed,etc.). lwd (= some
integer)givesthe line width. pch (= any number
between1 and18or somecharacter)givestheplotting
character. cex (= a realnumber)givesthesizeof
characters/symbolsrelative to x . col (= integer)gives
color.

> plot(d,p,type="b",l ty= 3, lwd =3, pch =16,ce x=2 )

>

— problem:appliesto everythingplotted.

— solution:build plotsstep-by-stepby addingto the

graphicdevice.

For furtherinformationabouttheplot functionandits

arguments,seethehelponplot.default , title and

par .
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Thelines andpoints Functions—andRelatives

Wehave usedtheplot functionto creategraphsin just
onecommand.Now, wearegoingto build ’nice’ graphsin
a few steps.

First,updatethetox databy addingtwo columns:
log-transformationof d andlogit-transformationof p:

> detach(’tox’)

> tox$log.d <- log(tox$d)

> tox$logit.p <- log(tox$p/(100-tox $p) )

> tox

d n r p log.d logit.p

1 0.10 47 8 17.02128 -2.30258509 -1.5841201

2 0.15 53 14 26.41509 -1.89711998 -1.0245043

3 0.20 55 24 43.63636 -1.60943791 -0.2559334

4 0.30 52 32 61.53846 -1.20397280 0.4700036

5 0.50 46 38 82.60870 -0.69314718 1.5581446

6 0.70 54 50 92.59259 -0.35667494 2.5257286

7 0.95 52 50 96.15385 -0.05129329 3.2188758

> attach(tox)

>

Let’smake a fancy plot usingthetransformedvariables:

> par(mar=c(5,5,6,5)) ## change the margins

> plot(log.d,logit.p, type=’n’, ## plot nothing

+ axes=F, ## no axes
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+ xlab=’’,ylab=’’) ## no labels

> box() ## make a box, def. is bty=’o’, try ’l’

> axis(1) ## add axis to side 1, bottom

> axis(2) ## and to side 2, left

> lines(log.d,logit.p ,ty pe=’b ’,p ch= ’ ’,cex=3)

> axis(4,at=logit.p, ## put ticks at logit.p

+ labels=round(p,1), ## the labels used

+ srt=90, ## rotate the labels

+ tck=-par()$tck, ## ticks inside

+ cex=0.8, ## reduce the character size

+ mgp=c(2,0.5,0)) ## loc of (Title,Lab,Axs)

> axis(3,at=log.d,lab els =d,

+ tck=-par()$tck,cex=0 .8 ,mgp=c (2, 0.5 ,0) )

> title(xlab=’log concentration’,

+ ylab=’logit of % killed’)

> mtext(’The toxicity data’, ## margin text

+ adj=0, ## adjust to left (1 is right)

+ side=3,line=4,cex=1 .5 )

> mtext(’% killed’,side=4,lin e=2.5, cex =0. 8)

> mtext(’concentratio n’, sid e=3,l ine =2. 5,c ex= 0.8 )

> title(sub=date(),ce x=0 .5, adj=1 ) ## current date

> abline(h=0,lty=2) ## horizontal line at 50%

> legend(locator(1), ## use mouse to pick loc.

+ ’50% killed’,bty=’n’) ## bty=’n’, no box

>

In additionto the lines functionusedabove, thereare
points for pointsandtext for text; for example:

> plot(log.d,logit.p, typ e=’ n’ )
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> text(log.d,logit.p, pas te( ro und (p) ,’% ’,s ep=’’) )

>

Whatis usedassymbolsarethepercentages(’17%’, ’26%’,

etc.)createdby thepaste functions,which ’pastes’%to

thepercentagenumbers(p) roundedto 0 (thedefault for

round ) digits.

Detachthe tox data

> detach(’tox’)

NULL

>

OtherPlottingFunctions

Therearenumberof plotting functionsin S-PLUS. We

namea few:

boxplot Producessideby sideboxplots.

qqplot,qqnorm and qqline Thefunctionqqplot

comparesthedistributionof two samplesvia aQ-Q

plot, qqnorm comparesonesamplewith thenormal

distribution,andqqline addsafittedstraightline to

theplot.

hist Plotshistogramfor a sample.
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Two examplesusingthefuel.frame dataare:

> attach(fuel.frame)

> boxplot(split(Milea ge, Type) ,va rwi dth =T)

> qqnorm(Mileage)

> qqline(Mileage)

> hist(Mileage)

> detach(’fuel.frame’ )

NULL

>

Seethehelpfor thesefunctionsfor moredetailedexamples

anduseof arguments.
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Trellis Graphics

TheTrellis library is veryhandyfor EDA of multivariate

data.

Thexyplot function

Thexyplot createsscatterplots. In its simplestform:

> xyplot(logit.p ˜ log.d, data=tox)

>

Therearetwo argumentsgiven,a formula anddata .

Theformulaspecifieswhatto plot, in this caselogit.p

versuslog.d , andthedata argument,a data.frame

object,sayswhereto find thevariables.

Otherargumentsof xyplot , andin generalof Trellis

plotting functions,arexlab andylab , main andsub (as

in theplot function).To controlhow andwhatto plot, the

argumentstype , pch , lty , lwd andcex canall begiven.

For moreinformation,seethehelpfor xyplot , wherea

detailedexampleis given,andtrellis.args , where

variousoptionsfor argumentsaregiven.
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ConditioningandOtherPlottingFunctions

Therealpowerof Trellis plotting functionsis obviousin the

following examples:

> xyplot(Mileage ˜ Weight | Type, data=fuel.frame)

>

Whatis plottedis Mileage versus( � ) Weight

conditional(| ) on Type ; thatis, thereare6 typesof

automobilesandtherefore6 panelscreatedon thegraphic
device,andascatterplot madewithin eachpanelfor one

typeof automobile.

A few otherTrellis functionsare:

> bwplot(Type ˜ Mileage, data=fuel.frame) ## boxplot

> histogram(˜ Mileage | Type, data=fuel.frame)

> qqmath(˜ Mileage | Type, data=fuel.frame)

>

Again,seethehelpfiles for moredetailedexamplesusing

thefunctionsabove.

Printing andExportingGraphs

To print thegraphshown on thegraphicdevice, select
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Print underGraph in thegraphicdevicewindow —

don’t try this now (it will print on theprinterin CH-341).

It is easyto export a graphto apostscriptfile (whichcanbe

convertedto pdf file, if needed).Example:

> trellis.device(post scr ipt ,f ile =’m ypl ot. ps’ ,

+ horizontal=T)

> xyplot(Mileage ˜ Weight | Type, data=fuel.frame)

> dev.off()

Generated postscript file "myplot.ps".

motif

2

>

Thefile myplot.ps is thencreatedin thesamefolder

whereS-PLUS wasstarted.

Thosewithoutaccessto theStatDeptComputerLab

(CH-341)needto FTP thegraphicfile(s) to a computer

with accessto aprinterandthenuseAdobe’s Acrobat

Readerto view andprint outa hard-copy. To doso,

� Quit S-PLUS (typeq() at theprompt).

� Createa pdf file by typing at theUNIX prompt:

ps2pdf myplot.ps myplot.pdf
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� UseanFTPprogramonyourcomputer

(PC/Mac/UNIX)andconnectto

ftp.stat.ohio-state.edu andtypein your

StatDeptusernameandpassword. For example,the

FTPprogramon theMacsis Fetch.
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’Classical’, Univariate, Tests in S-PLUS

Theavailableunivariatetestsfunctionsare:

binom.test chisq.test

cor.test fisher.test

friedman.test kruskal.test

mantelhaen.test mcnemar.test

prop.test t.test

var.test wilcox.test

>

Example: t-test

As anexample,testif themeanmileageof medium-sized

carsis differentthanthatof sportycars,usingthedatain
fuel.frame . This testcanbecarriedoutwith the

functiont.test , whichhasthefollowing arguments:

> args(t.test)

function(x, y = NULL, alternative = "two.sided",

mu = 0, paired = F, var.equal = T,

conf.level = 0.95)

NULL

>
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Thefunctioncancomparetwo samples,x andy (pairedor
not),or justonesample,x , to a givenmean,mu.

Ourexample:

> attach(fuel.frame)

> t.test(Mileage[Type ==’ Mediu m’] ,

+ Mileage[Type==’Sport y’] ,

+ var.equal=F) ## assume unequal variance

Welch Modified Two-Sample t-Test

data: Mileage[Type == "Medium"] and

Mileage[Type == "Sporty"]

t = -2.7968, df = 8.478, p-value = 0.022

alternative hypothesis:

true difference in means is not equal to 0

95 percent confidence interval:

-7.6851619 -0.7763765

sample estimates:

mean of x mean of y

21.76923 26

> detach(’fuel.frame’ )

NULL

>

Thatis, thet teststatisticis -2.80,with 8.478degreesof
freedom,resultingin a p-valueof 0.022.Thatis, the
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hypothesis� � �
	�� 
 	�� is rejectedat � -level 
 � % — as

canalsobeseenby observingthatthe95%confidence

interval for ¯� � ¯� doesnot containzero.
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Models

Linear Regression: the lm function

The lm functionin S-PLUS fits linear models(multiple

regression).

UnweightedLogit Analysis(ULA)

As anexample,fit ULA modelto thetox data(asdonein

class).Thatis, to fit themodel:

log
���

����� � ��� 
 � � � log �! �#" � $ �&% ' 
 � %#(&()(&%+*,%

wherethe ��� ’s arethepercentagekilled, � � 
 log �! � " is the

log concentration,and $ � � N � � %#- � " , independently. That

is, ULA reducesto simplelinear regression.

> ula <- lm(logit.p ˜ log.d, data=tox)

>
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Thefirst argumentis a formula, specifyingthemodelto fit,
andthesecondoneis adata.frame wherethevariables
canbefound(optionalargument).

In theformula logit.p � log.d , theresponsevariable
is to theleft of � symbol,andexplainatoryvariableson the
right sideof thesymbol.Wegive a few examplesabout
how to specifydifferentmodelsin S-PLUS. Let y bea
numericalresponsevariable,andv andt betwo numerical
explainatoryvariables;then:

� formula = y � -1 + v , is themodel�.� 
 ��/ � � $ � (no intercept).

� formula = y � v + t , is themodel�.� 
 � � �102/ � � � � � � � $ � .
� formula = y � v + t + v:t , is themodel� � 
 � � � 0 / � � � � � � � �43#/ � � � � $ �

It is alsopossibleto usecategorical (avariableof class
factor in S-PLUS) to specifyformulas.For example,if
A is a factorvariablein S-PLUS with 3 levels,thenthe
formula,y � A + v , is themodel � �65 
 � 5 � ��/ �65 � $ �
(differentinterceptfor eachlevel of A). Theformula,y �
A + A:v , fits adifferentinterceptandslopefor eachlevel.
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Theobjectcreatedby lm is of classlm , with functionsto
print , createa summary, andplot theresultingfit (the
lm object):

> ula ## the print-out

Call:

lm(formula = logit.p ˜ log.d, data = tox)

Coefficients:

(Intercept) log.d

3.212505 2.166482

Degrees of freedom: 7 total; 5 residual

Residual standard error: 0.1521564

> summary(ula) ## the summary

Call: lm(formula = logit.p ˜ log.d, data = tox)

Residuals:

1 2 3 4 5 6

0.1919 -0.1269 0.01838 -0.1341 -0.1527 0.08595

7

0.1175

Coefficients:

Value Std. Error t value Pr(>|t|)

(Intercept) 3.2125 0.1040 30.8953 0.0000

log.d 2.1665 0.0747 28.9896 0.0000
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Residual standard error: 0.1522 on 5 degrees of freedom

Multiple R-Squared: 0.9941

F-statistic: 840.4 on 1 and 5 degrees of freedom, the p-

value is 9.153e-07

Correlation of Coefficients:

(Intercept)

log.d 0.8331

> par(mfrow=c(2,3)) ## 2 rows and 2 col of plots

> plot(ula) ## get 6 plots on one page.

>

Thefunctionscoef , fitted andresid canbeusedto

extracttheestimatedcoefficients,fittedvalues,and

residuals,respectively, from the lm objectula (e.g.,enter

fitted(ula) ).

To computeLC50 for this data( 798:� � 
 exp � � �<;=� " )
> co <- coef(ula)

> co ## just to show what it does...

(Intercept) log.d

3.212505 2.166482

> lc50 <- exp(-co[1]/co[2])

> lc50

(Intercept)

0.2269965

>
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To plot theobserveddataandthefitted line (alongwith the
LC50):

> par(mfrow=c(1,1)) ## one plot on device

> plot(tox$log.d, tox$logit.p,

+ xlab="log Con.",ylab="logit P")

> abline(coef(ula)) ## or lines(log.d,fitted(u la ))

> abline(h=0,lty=2) ## horizontal 50% line

> abline(v=log(lc50), lty =2) ## the LC50 line

>

Generalized Linear Models

A moreaccurateLogit Analysisis to computetheMLEs for
theinterceptandtheslope.Thefunctionglm canbeused
to fit a generalizedlinear model(GLM), andreturnsa
objectof typeglm . For our tox data:

> la.glm <- glm(cbind(r,n-r) ˜ log.d, data=tox,

+ family=binomial(li nk= log it) )

> la.glm ## the print-out for glm object

Call:

glm(formula = cbind(r, n - r) ˜ log.d, family =

binomial(link = logit), data = tox)

Coefficients:

(Intercept) log.d

3.123613 2.127853
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Degrees of Freedom: 7 Total; 5 Residual

Residual Deviance: 0.7336142

> summary(la.glm) ## the summary for glm object

Call: glm(formula = cbind(r, n - r) ˜ log.d, family =

binomial(link = logit), data = tox)

Deviance Residuals:

1 2 3 4

0.4838426 -0.3603953 0.165713 -0.320634

5 6 7

-0.2304975 0.3171778 0.2926225

Coefficients:

Value Std. Error t value

(Intercept) 3.123613 0.3349208 9.326424

log.d 2.127853 0.2214073 9.610583

(Dispersion Parameter for Binomial family taken to be 1 )

Null Deviance: 146.0218 on 6 degrees of freedom

Residual Deviance: 0.7336142 on 5 degrees of freedom

Number of Fisher Scoring Iterations: 3

Correlation of Coefficients:

(Intercept)

log.d 0.915217
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>

TheLC50 in this caseis:

> co <- coef(la.glm)

> co ## just to show what it does...

(Intercept) log.d

3.123613 2.127853

> lc50 <- exp(-co[1]/co[2])

> lc50

(Intercept)

0.2303939

>

This is aslightly differentvaluefrom thatgivenby ULA

(0.2269965).
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